ABSTRACT. The term lunar phobia is used to explain the behavior that some nocturnal animals have to avoid periods with greater moonlight intensity. The aim was to determine the eect of the brightness of the new moon and the full moon on the richness, abundance and diversity of the phyllostomid bat community at the La Ceiba estate, Tuxpan, Veracruz, where the study was conducted from October 2013 to February 2014 using ve mist nets for two nights per month. We captured 142 bats belonging to eight species, with Artibeus lituratus being the species with the highest records in both lunar phases (74 individuals). Although no signicant dierences were found in diversity between the two lunar phases, greater cumulative species richness and abundance were recorded in the new moon (eight species, 118 individuals) than the full moon (ve species, 24 individuals). The signicant decrease in abundance between the new moon and the full moon, mainly of small frugivorous species, indicates that lunar luminosity aects bat activity. It also has an eect on total species richness as three species were exclusively recorded in the new moon phase.
INTRODUCTION
One of the most important characteristics of our planet is the changes in luminosity produced by the Earth's rotation and the oscillating movement of the Moon around the Earth, which results in the new moon, rst quarter, full moon and third quarter lunar phases (Muñoz-Delgado 2008) . Phobia is a term linked to fear, but in the case of animal behavior, the term lunar phobia is used to explain the behavioral strategy that some nocturnal animals have to avoid periods with the brightest moonlight; DOI: 10.19136/era.a5n13.1033 www.ujat.mx/era Pech-Canché et al. Lunar phobia in bats Ecosist. Recur. Agropec. 5(13):165-170,2018 this phenomenon has been described in dierent organisms and is mainly associated with a strategy to reduce predation risks (Mori et al. 2014 , PratasSantiago et al. 2017 .
It is known that bats can alter their behavior and activity with changes in the lunar cycle (Morrison 1978) . It has been suggested that lunar phobia is a complex issue that involves a balance between the probability of getting food and the risk of being predated (Saldaña-Vázquez and Munguía-Rosas 2013). For that reason, the position of organisms in the trophic chain and their ability to evade predators are the characteristics that best explain the dierences in the response of bats to moonlight conditions (Karlsson et al. 2002) . Considering that lunar phobia is a phenomenon with divergent evidence in nocturnal mammals (Prugh and Golden 2014) , and that there are species of bats that reduce their activity in periods of lunar luminosity (Börk 2006 , Mancina 2008 , the aim of this study was to determine the eect of the brightness of the new moon and the full moon on the richness, abundance and diversity of bats.
MATERIALS AND METHODS

Study area
This study was conducted at La Ceiba (20 • 58.395' NL and 97 • 21.281' WL), located in the municipality of Tuxpan, Veracruz. The property covers 30 ha, with oak forest vegetation with isolated ceiba (Ceiba pentandra) trees, in which the canopy is open because the trees are scattered and the understory is scarce due to the management conditions of the property, which also has a body of water of approximately 10 m in diameter.
Samplings
The samplings were conducted from october 2013 to february 2014; to have greater contrast in moonlight conditions, the samplings were carried out for two consecutive nights each month in a new moon (absence of illumination) and in a full moon (full illumination), with a total of 20 sampling nights per moon phase.
For the bat captures, ve mist nets of 12 m long and 2.6 m high were used, two on the edge, two inside of the vegetation and one around the body of water. Because it has been reported that bats are able to detect the position of the nets if they are kept xed (Winhold and Kurta 2008) , each sampling night the nets were moved a few meters to stay in places with the same characteristics.
The nets remained open for ve hours after sunset (7:00 pm) and were monitored every half hour. All individuals captured were identied with specialized eld guides (Medellín et al. 2008 , Ramírez-Pulido et al. 2014 , then marked with a permanent marker to identify possible recaptures (Marques et al. 2013) and nally released in the same capture site.
Data Analysis
To estimate the completeness of the sampling by moon phase, the average value of the ICE, Chao 2 and Jacknife 1 estimators, recommended for abundance data in small samples (Hortal et al. 2006) , was used, considering 90% estimated richness as a satisfactory level of sampling eort eectiveness (Moreno and Halter 2000) ; those with one or two individuals were considered as rare species (Moreno 2001) . To evaluate the cumulative species richness, rarefaction curves were made; the order of the capture nights was randomized 1000 times to smooth the curve and eliminate the bias of the order in which the species were captured, considering the lunar phases as dierent if their 95% condence intervals are not overlaid. The estimators and the rarefaction curve were calculated with EstimateS software version 9.1 (Colwell 2013) .
To measure the diversity of bats in the lunar phases, the Shannon-Weaver index (Shannon and Weaver 1949) in proportions by guilds, a G test was performed for contingency tables (Zar 2010) . The analyses were based on the Simmons and Voss (1998) classication system, which includes the subfamilies Carollinae and Sternodermatinae as frugivorous and the subfamily Glossophaginae as nectarivorous; for the frugivorous species, a separation of large and small species was carried out (Pinto and Keitt 2008) .
RESULTS AND DISCUSSION
In total, 142 bats belonging to eight species were captured (Table 1 ). The greatest richness and abundance were recorded in the new moon with eight species and 118 individuals, while in the full moon there were ve species and 24 individuals. The sampling eciency can be considered satisfactory, since in both lunar phases at least 90% completeness was reached. The rarefaction curve shows that the new moon had the highest cumulative richness and abundance, while in the full moon the richness and abundance were lower (Figure 1 ). There were only signicant statistical dierences in the average abundance in the lunar phases (W = 24, p = 0.048), but no dierences were detected when comparing average richness (W = 9, p = 0.52). The Shannon-Weaver diversity index was 1.48 for the new moon and 1.26 for the full moon, with no statistical dierences between the lunar phases. Species belonging to the trophic guilds were recorded: large frugivores, small frugivores and nectarivores, with signicant dierences in the abundance of the guilds by moon phase (X 2 = 3.5, p = 0.01), but not between the proportions of the guilds (Figure 2) . Most of the species captured belong to the small frugivore guild (ve species), which were detected in the new moon, but the large frugivore guild had the greatest abundance (96 individuals), while the least represented guild was that of the nectarivores, with one species. Therefore, the results show that phyllostomid bat species modify their activity level depending on the lunar phase, exhibiting a lunar phobia eect that is reected in the reduced abundance of frugivorous species in the full moon. This pattern coincides with that reported for frugivorous bats by Santos-Moreno et al. (2010) , Mello et al. (2013) , and Saldaña-Vázquez and Munguía-Rosas (2013), nectarivorous (Mancina 2008) and piscivorous bats (Börk 2006) , and even as reported by Lewanzik and Voigt (2014) , who show that lighting can aect the feeding behavior of frugivorous species.
The failure to detect signicant dierences between the diversity, average species richness and proportion of trophic guilds in the lunar phases may indicate that there is no spatial displacement of the species to another site, but that they only restrict their activity in the hours of less luminosity, possibly as a strategy to reduce the risk of predation, since it has been reported that in the absence of predators, bats do not alter their activity during the dierent lunar phases (Gannon and Willig 1997) .
The results may also be due to the low species richness recorded in the study area, since in other sites an inverse and signicant relationship of species richness and lunar luminosity has been reported (Esbérard 2007) . In the present study, this could be supported by the recording of three exclusive species in the new moon phase, which suggests that during this period there may be a greater probability of recording more species; in addition, sampling in bright conditions (full moon) could cause a sub-representation of the total species richness of a site in relation to samplings in lower luminosity conditions (new moon), by recording a smaller number of species than those actually found in a certain area, especially small-sized species that have a smaller displacement capacity than large ones (Pinto and Keitt 2008) .
The analysis of trophic guilds shows that lunar phobia mainly aects abundance, since the proportions of the trophic guilds remain similar in both lunar phases, but there is an 80% reduction in abundance in the full moon phase. However, this would only be applicable to the phytophagous species (fruwww.ujat.mx/era Pech-Canché et al. Lunar phobia in bats Ecosist. Recur. Agropec. 5(13):165-170,2018 givorous and nectarivorous), which are the ones that have greater detectability with the capture methods used (Meyer et al. 2011) , since it has been reported that insectivorous species can be less aected by lunar phobia due to their faster ight (Karlsson et al. 2002 , Appel et al. 2017 . In order to have a more robust conclusion, it is necessary to implement indirect recording techniques, such as ultrasonic detectors, that allow an adequate characterization of the diversity of insectivorous bats (Pech-Canché et al. 2010 ).
